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Abstract

An experiment pltafrom has been designed to study vacuunepfd@w in magnetically insu-
lated transmission lines (MITLs). The platform was drivgntbe 400-GW Mykonos-V ac-
celerator. The experiments conducted quantify the cutosistin a millimeter-gap MITL with
respect to vacuum conditions in the MITL for two differentpgaistances, 1.0 and 1.3 mm.
The current loss for each gap was measured for three diffeeguum pump down times. As
aride along experiment, multiple shots were conducted @atth set of hardware to determine
if there was a conditioning effect to increase current @gjivon subsequent shots.

The experiment results revealed large differences in padace for the 1.0 and 1.3 mm gaps.
The 1.0 mm gap resulted in current loss of 40%-60% of pealentrrThe 1.3 mm gap re-
sulted in current losses of less than 5% of peak current.siCsMITL models that neglect
plasma expansion predict that there should be zero cumes} after magnetic insulation is
established, for both of these gaps. The experiments saaditcate that the vacuum pressure
or pump down time did not have a significant effect on the measaurrent loss at vacuum
pressures between le-4 and le-5 Torr. Additionally, thexs mot repeatable evidence of a
conditioning effect that reduced current loss for subseffidl-energy shots on a given set
of hardware. It should be noted that the experiments cordudtely did not have large loss
contributions due to ion emission from the anode due to thaively small current densi-
ties (25-40 kA/cm) in the MITL that limited the anode temgara rise due to ohmic heating.
The results and conclusions from these experiments maylimaived applicability to MITLs

of high current density (>400 kA/cm) used in the convolute &ad region of the Z which
experience temperature increases of >4D@nd generate ion emission from anode surfaces.
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Introduction

Magnetically insulated transmission lines (MITLs) are enamly used in the final stages of
pulsed power systems to transfer power at high voltage amérduto the physics-package load.
Areas such as the convolute and inner-MITL of the Z-Machemuire MA/cm level currents to
be transmitted with vacuum gaps of 1 cm or less [1]. Futureguibower systems, which will
deliver greater power to loads, will require MITLs to tragispower at greater power densities.
Understanding and minimizing current loss within the MITlillvbe a critical design issue for
these larger pulsed power systems.

MITL power flow has been studied in detail. In order to suppdiTL design and under-
stand current loss in a MITL, many individual studies inunty simulation [2—4], analytic calcu-
lations [5—8], and experiment [9—14] have been published.

In this Laboratory-Directed Research and Development (DPRroject, the power flow in a
millimeter-scale MITL gap was studied. The experimentsqrened were directed towards study-
ing the effect of vacuum conditions on the current loss in &MIit is known that surface con-
tamination alters the emission characteristics of eleetsd15, 16]. In the Z MITL system, it has
been observed that increased vacuum pump down times retthécpartial pressures of electrode-
surface contaminants and can reduce current loss acrobfi Theanode-cathode (AK) gap [17].
The experiments described in this report investigated thid_Murrent loss with respect to vacuum
pressure in a MITL in a controlled manner, without the vaitigbof different machine configura-
tions or complex dynamic experiment loads that are used on Z.

The remainder of the report is divided into three sectionsctiBn 2 covers the experiment
setup including the design and layout of the pulsed pow&edand vacuum hardware. Section 3
describes the results from the MITL power flow experimenexcti®n 4 concludes the report and
describes potential future work.



Experiment Setup

Pulsed power driver

The Mykonos LTD module served as the pulsed power driverierviacuum transmission
line power flow experiments. A photograph of the Mykonos falbary is shown in Figure 1.
The vacuum transmission line power flow tests were the firgeements to be completed on an
upgraded five-cavity Mykonos LTD module (Mykonos V).

Figure 1. Photograph of the Mykonos LTD laboratory.

The Mykonos V LTD module is made up of five, three-meter diane&fT D cavities. Each cav-
ity contains of 36 LTD bricks, each built with a HCEI 200 kV ntitdjap switch [18] and two 40 nF
General Atomics 31165 capacitors. The five cavities argérigd sequentially and drive a matched
impedance coaxial water transmission line. The cavitiesragggered with a 6.6 ns delay between
cavities to match the transit time of the power pulse in theewtansmission line. The cavities
and water transmission line are shown in Figure 2. The LTDtiegvare designed to operate at
up to+100 kV charge voltage. At full charge voltage, Mykonos V noally produces a 1 MA,
500 kV pulse with a rise time (10-90) of 60 ns and a pulse wigtWKHM) of 160 ns into a 0.8
matched load. The noted references contain additionailsletathe Mykonos LTD cavities [19]
and the two-cavity module, Mykonos Il [20—-22], that preadtiee Mykonos V module.
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Matched Impedance
Water Transmission Line

Vacuum Load Region

Figure 2. Cross-section view of the Mykonos V LTD module.

Load hardware design and processing

A vacuum transmission line load for Mykonos was designed arglired for the vacuum
power flow experiments. A cross-section view of the vacuund\ware is shown in Figure 3. A
radial water transmission line, vacuum insulator, andalagacuum transmission line served to
direct power flow to the small diameter of the MITL being test& he vacuum insulator serves
to isolate the water-insulated transmission line from thewume-insulated transmission line. The
vacuum insulator was also designed to direct power flow tjin@useries water resistor. This water
resistor was adjustable from approximately Q.fio 0.5Q and was used to dampen reflections back
into the cavities from the short-circuit inductive load.

The experiment MITL consisted of a small gap, 3 cm long, calaxacuum transmission line.
The cathode radius is fixed at 3 cm. The anode radius was éithem or 6.26 cm in order to test
AK gaps of either 1. mm or 1.3 mm. A 15 nH constant-inductanceeskas the load downstream
of the experiment gap. The gap was designed to operate a 6éltk3 MV/cm, well above the
electron emission threshold of approximately 240 kV/cme Ththode radius of 3 cm was chosen
to minimize the inductance of the vacuum region while sti$ering magnetic insulation would
be established early in the pulse, at around 200 kKA.

The experiment gap anode and cathode were made of staindets364L. The anode and
cathode were machined with no cutting oil and electropelisper ASTM B912 standards. After
machining, the hardware was cleaned with isopropanol an¥209 Texwipe, rinsed with iso-
propanol and blown dry with nitrogen, vacuum baked at 800rGduor hours, then wrapped in a
TX309 Texwipe and All-Foils UHV aluminum foil. The hardwanes stored wrapped in the UHV
foil until installed on the machine for use.
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Water Transmission Line Insulator V-dots and B-dots

Vacuum Insulator Upstream Vacuum B-dots

Vacuum Transmission Line

Series Water Resistor
Downstream

Vacuum B-dots

15 nH Load

Figure 3. Cross-section view of the vacuum transmission line load-har
ware.
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Diagnostics

The primary diagnostic included B-dot and D-dot monitorsrteasure current and voltage.
Four B-dots and four D-dots were located at the vacuum itsuldhese monitors were identical
to those described in Sections Il and V of [23]. In the vacuwansmission line, a total of eight
B-dots were used to measure current. Four were locatedeapstand and four were located
downstream of the experiment gap. The vacuum B-dots weligresas a 2-loop version of the
inner-MITL current monitor described in Section IV of [23].

Prior to the experiments, the diagnostic monitors werebcated in-situ. Two Pearson 3483
current monitors, accurate t61% absolute, were used in opposite polarities as calibraéter-
ences for the vacuum and stack b-dot monitors. The negatiegify Pearson signal was inverted
and averaged with the positive polarity Pearson signal teegde the final reference current sig-
nal. Voltage measured across aQ tesistor was used as the calibration reference for the B-dot
For calibration, the monitor signals were baseline-cae®to subtract any DC offset. The signals
were then numerically integrated, and compared using &atiite routine to find the time shift and
amplitude scale to minimize the point-wise rms differenicesveen the reference waveform and
the signal being calibrated. The B-dots also included aection for the magnetic field penetra-
tion, as described in [23]. The signals gave rms point-wisdations of a scaled signal divided
by its peak of less than 1%. Ten calibration tests were aeertmgenerate the gauge factors. The
maximum shot-to-shot variation in gauge factors was 1.7%s8. A sample calibration shot is
shown in Figure 4.

Calibration Shot 9491
2000 T T T I T T T T I T T T T I T T T T I T T T T T T T T

= REF

— — IGA000
— — IGA090
— — IGA180
- — IGA270
- - - 1GB000

1500

- - 1GB090
- 1GB180
- 1GB270

1000

500

Current [A]

— 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
500 50 100 150 200 250 300

Time [ns]

Figure 4. Baselined, integrated, flux penetration corrected, anttdca
vacuum B-dot signals overlaid on the reference signal fbbiedion shot
9491.
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Vacuum diagnostics included two MKS 979b full-range gaugesieasure vacuum pressure
upstream and downstream of the experiment gap. The repatedim pressure was measured by
the upstream gauge. The upstream gauge was always the bfghertwo vacuum measurements.
This was due to a molecular pumping restriction caused byexiperimental gap. The high up-
stream pressure was exacerbated by the vacuum seals osulaanitself. A Stanford Research
Systems RGA 100 was also available to measure the vacuumosiop during pump down.

Shot procedures

The experiment gap anode and cathode were replaced for kathkesies. All other vacuum
hardware was reused, and refurbished if necessary. Vacudatss that were coated with debris
from breakdown of the experiment AK gap were refurbished\8i¢1 Scotch-Brite surface con-
ditioning pads. The hardware was then vacuumed and wipddavitX309 Texwipe and ethyl
alcohol. The experiment gap anode and cathode hardwarevénatregularly replaced were not
removed from the UHV foil they were stored in after proceggimtil they were ready to install.
The AK gap was aligned to +/- 2% of nominal gap using gauge fangerify alignment. After
the anode and cathode were aligned, the remaining vacuuiwaee was installed and the system
was pumped down. Pump down time was varied as an experimgabha Typically the disas-
sembly, refurbishment, and assembly of the load hardwasecempleted in approximately one
hour. During installation, all vacuum hardware was handlely with clean nitrile gloves.

14



Experiment Results

The current loss as a function of time for each experiment desrmined from the B-dot
diagnostics upstream and downstream of the MITL gap. TYlgieasmall amount of loss could
be measured early in the pulse. Later a sharp divergence afpstream and downstream current
measurements indicates complete closure of the MITL AK gApthis point the downstream
current slowly L/R decays as magnetic energy stored in taé inductance dissipates.

MITL AK gaps of 1.0 and 1.3 mm were tested in the experimentsesk gaps exhibited very
different current loss characteristics. The 1.0 mm AK gapaarly losses of approximately 60 kA,
prior to when magnetic insulation would be expected. Tylpichis loss would hold constant for a
brief time (10-30 ns) before complete closure of the AK gapuoed at 40%-60% of peak current.
The time from beginning of current loss to complete closurie AK gap ranged from 40-60 ns,
corresponding to a gap closure velocity of 2e5 gm/A representative shot with the 1.0 mm AK
gap is shown in Figure 5. In contrast, the 1.3 mm AK gap did fagecuntil near peak current. The
early losses, prior to magnetic insulation were greatlyiced as well. A representative shot with
the 1.3 mm AK gap is shown in Figure 6. These results are cemgis/ith observations in [12],
where it was noted that the gap closure time occurred in akglisstinct regimes depending on the
MITL AK gap.

For reference, Appendix A contains a table documentingfah® shots taken for this LDRD
project.

Effect of vacuum pressure

Experiments focused on characterizing the current loserignce on the vacuum pressure
in the MITL. In general, the MITL experiment gap was testedemthree different vacuum con-
ditions; a long vacuum pump down of more than 18 hours (up b Hagurs), a pump down of
2-3 hours, and a short pump down of only 10 minutes. The pressueasured by the upstream
vacuum gauge were approximately le-5 Torr, 2e-5 Torr, and Terr for each these vacuum
exposure times, respectively.

The results indicate that vacuum pressure did not have #isagt effect on the current loss
at pressures between le-4 and 1le-5 Torr for either the 1.0 mi8Banm gap. Figure 7 shows
the results of 60 kV, 1.3 mm AK gap shots. The average lossdohn #acuum pressure is shown
and the error bars indicate the standard deviation of the lksan be seen that the average loss
for shots decreased as vacuum pressure is decreased. Hdhekfferences in the mean are
not statically significant and can not be attributed to thengfe in vacuum pressure. Additional
data from 50 kV, 1.3 mm AK gap shots and 60 kV, 1.0 mm AK gap shotsshown in Figures 8
and 9. The data further supports that vacuum pressure (betie=4 and 1e-5 Torr) has little effect
on the loss current. A single shot taken at rough vacuum pre¢86 mTorr) shown in Figure 8
demonstrates that a rough vacuum is insufficient for power ftwough a MITL.
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1.0 mm gap, 60 kV charge

T T T T | T T T T | T T T T | T T T T | T T T T T T T T
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Figure 5. Typical current loss for 1.0 mm gap MITL. IGA is the current
measured upstream of the experiment gap, IGB is the curreasuned
downstream of the experiment gap and iLoss is the differen¢@&A and
IGB representing the loss current across the experiment gap

1.3 mm gap, 60 kV charge

- [— 9548 _iga T
600 — 9548 _igb
| |—— 9548 _iLoss
g 400 -
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O 200 h

0 [ﬁ ______
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Figure 6. Typical current loss for 1.3 mm gap MITL.
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Figure 7. Current loss versus vacuum pressure for 1.3 mm gap shots
taken with a charge voltage of 60 kV. Data markers representiean loss
current and the error bars indicate the standard deviafitireadata. Each
marker represents at least three shots. Data shown areromyshots with

new processed anode/cathode hardware.
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Figure 8. Current loss versus vacuum pressure for 1.3 mm gap shots take
with a charge voltage of 50 kV. Each marker represents ont dbata
shown are only from shots with new processed anode/cathardisvare.
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Figure 9. Current loss versus vacuum pressure for 1.0 mm gap shots take
with a charge voltage of 60 kV. Each marker represents one dData
shown are only from shots with new processed anode/cathardisvhare.
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Conditioned hardware shots

Typically, two or three shots were taken on each set of harelwBhe first shot measured the
current loss for new hardware. Subsequent shots on a given lsardware were taken soon after
the first shot, without breaking vacuum. These shots werdwtird as a ride along experiment to
determine if a conditioning effect existed which would irope power flow. A conditioning effect
was noted in [12] where the authors note that the gap closasede@layed for subsequent shots, as
long as the hardware remained under vacuum. It is beliewadhle discharges and heating from
prior shots would remove electrode surface contaminatiedycing the influence of electrode
plasmas on the current loss.

In these experiments, there was not a repeatable indidd@dpower flow was improved with
subsequent, full-energy, shots with either the 1.0 mm omin3 gap. Figures 10 and 11 show
the average and standard deviation of the current loss fnen6@ kV, 1.0 and 1.3 mm gap shots.
Data shown in red represents the current loss on new hard@ata shown in blue represents the
current loss on conditioned hardware. On average, the tondd hardware resulted in a higher
average loss for data sets of 2-4 shots. Itis likely that Hreabe to the electrodes from prior shots
outweighed any potential benefit of a reduction in electrmutace contamination. There is some
evidence of this in two shot series, where peak current lessedsed for each subsequent shot.
One example series is shown in Figure 12. It can be seen thaketk current loss decreased for
each subsequent shot. However, it is also noted that thed@ssly in time (0-40 ns) increased for
each subsequent shot. The current loss early in time, mrioragnetic insulation, could indicate
that the electrode surface was degrading from damagemgeafield enhancement point allowing
the early time losses to turn on sooner and increase in mafgnit
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Figure 10. Comparison of current loss on new hardware and conditioned
hardware for 60 kV, 1.3 mm gap. Data markers represent the hosa
current and the error bars indicate the standard deviafitmealata.
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Figure 11. Comparison of current loss on new hardware and conditioned
hardware for 60 kV, 1.0 mm gap. Data markers represent the hosa
current and the error bars indicate the standard deviafitmealata.
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1.0 mm gap, 60 kV charge
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Figure 12. Current waveforms from three sequential shots taken wigh on
set of anode/cathode hardware without breaking vacuum. tiree loss
current waveforms (solid lines) decrease in peak amplifodeach sub-
sequent shot, 9499, 9500, and 9501. However losses eangar(@round
25 ns) increase in time.
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Conclusions and Future Work

Conclusion

The experiment results suggest that there is no correlagbreen the vacuum pressure (be-
tween le-4 and 1e-5 Torr) and the current loss across thienat#r-gap MITL for the conditions
tested. On a given shot, a 10 minute vacuum pump down withsspre of 1e-4 Torr could per-
form equally as well as a shot with a multi-day vacuum pumpmeuith a pressure of 1e-5 Torr.
This is in disagreement with the data presented for Z shofs4hwhich noted that shots with
longer vacuum pump down times experienced less currentAaktitionally, no evidence of elec-
trode conditioning from full energy shots improving curreielivery was observed. On average,
current loss increased when subsequent shots were takesepwanode/cathode hardware.

The disagreement between the observations for Z shotsjafitithe results from these exper-
iments may be a result of the limited vacuum pressures tastedse experiments or the relatively
low current densities and short rise times of these experisneThe ultimate vacuum pressure
achieved in these experiments was approximately 9e-6 Me@isured upstream of the experiment
gap. The low loss shots on Z were taken with vacuum pressaresveas 2e-6 Torr. Additionally,
the current density in the LDRD experiments was limited te#B&A/cm. The low current density
in the LDRD experiments limits the temperature rise of thedendue to ohmic heating to less than
5°C, eliminating the potential for ion emission from the anottecontrast, the inner MITL and
load regions in Z have current densities in excess of 400rkAdod the temperature rise due to
ohmic heating can be in excess of 4@) at which point ion emission from the anode begins [16].

Future work

Additional experiments could be conducted to further thespnted research. First, future
experiments should be designed to reach lower ultimatewagqressures and also could examine
the effects of additional vacuum pump down procedures, asehdry nitrogen purge during pump
down. Decreasing the pressure or implementing additioaalym procedures would serve to
reduce contaminants on the power flow surfaces and may dielsmp formation and gap closure.
Second, there is interest to test alternative electrodenmaéd. On Z, some load hardware is made
from aluminum. The experiments could be repeated with alumi anodes to determine if the
current loss is significantly different with aluminum inateof stainless steel. Finally, experiments
conducted with high current density, comparable to thosg, atould ensure that ion emission
from the anode would contribute to the current loss. Sucleexpents would require a cathode
diameter on the order of 0.5 cm. Additional analysis woulaheeessary to determine if Mykonos
could drive such small diameter (high inductance) loads.
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Appendix A

Table 1: The following table documents all the shots takeritfe LDRD. Shot numbers ibold

font denote shots with new anode/cathode hardware.; ¥fers to the pressure measurement
downstream of the experiment gap. Yaefers to the pressure measurement upstream of the
experiment gap. Vads the vacuum pressure used when referencing a shos the peak current
measured by the upstream vacuum b-daqis.rlis the peak current measured by the downstream
b-dots. Jossis the peak of the difference betweeg &nd Lown.

Shot Gap Vharge  VacTime Vag Vac, lup I down lioss lioss
[mm] [kV] [hr] [torr] [torr] [KA] [kA] [kA] [%]

9496 1.0 70.0 96 1.0E-06 1.3E-05 804.51 288.26 516.91 64.3%
9497 1.0 60.0 20 1.0E-06 1.1E-05 680.09 439.63 251.74 37.0%
9498 1.0 60.0 20 1.0E-06 1.2E-05 682.25 313.52 372.03 54.5%
9499 1.0 60.0 25 16E-06 1.6E-05 674.62 280.81 395.12 58.6%
9500 1.0 60.0 25 16E-06 1.7E-05 661.40 380.90 280.83 42.5%
9501 1.0 60.0 25 1.6E-06 1.6E-05 655.61 404.18 252.51 38.5%
9502 1.0 55.0 17 1.2E-06 1.1E-05 614.82 277.73 337.67 54.9%
9503 1.0 55.0 17 1.2E-06 1.1E-05 614.05 261.45 353.37 57.5%
9504 1.0 55.0 17 1.2E-06 1.1E-05 613.11 307.89 306.05 49.9%
9505 1.0 55.0 17 1.2E-06 1.1E-05 610.96 313.86 297.88 48.8%
9506 1.0 70.0 0.33 1.0E-04 1.1E-04 801.30 380.72 421.78 52.6%
9507 1.0 70.0 0.33 9.4E-05 1.0E-04 794.25 399.56 394.87 %49.7
9508 1.0 70.0 0.33 9.0E-05 1.0E-04 787.27 454.84 333.83 %2.4
9509 1.3 60.0 40 1.2E-06 9.6E-06 614.26 625.00 475 0.8%
9510 1.3 60.0 40 1.2E-06 9.6E-06 621.21 629.01 8.92 1.4%
9511 1.3 55.0 40 1.2E-06 9.6E-06 557.01 572.24 6.29 1.1%
9512 1.3 50.0 3 1.8E-06 2.0E-05 516.65 510.30 733 1.4%
9513 1.3 50.0 3 1.8E-06 2.0E-05 527.63 477.68 52.98 10.0%
9514 1.3 50.0 64 1.1E-06 1.0E-05 517.87 509.88 13.39 2.6%
9515 1.3 50.0 64 1.1E-06 1.0E-05 567.21 24358 324.09 57.1%
9516 1.3 50.0 0.167 3.0E-05 1.0E-04 516.73 514.94 884 1.7%
9517 1.3 50.0 0.167 3.0E-05 1.0E-04 545.60 171.35 375.628%68.
9518 1.3 50.0 0 8.5E-02 8.5E-02 559.03 367.82 192.29 34.4%
9519 1.3 50.0 21 1.3E-06 1.0E-05 516.55 517.07 5.08 1.0%
9520 1.3 50.0 21 1.3E-06 1.0E-05 515.00 514.47 1150 2.2%
9521 1.3 50.0 0.167 8.0E-06 9.3E-05 515.25 519.46 9.13 1.8%
9522 1.3 50.0 0.167 8.0E-06 9.0E-05 561.11 238.40 323.637%7.
9523 1.3 60.0 3 1.8E-06 1.8E-05 632.95 627.79 2161 3.4%
9524 1.3 60.0 3 1.8E-06 1.8E-05 643.72 603.78 41.44 6.4%
9525 1.3 60.0 19 1.2E-06 1.3E-05 631.56 593.84 48.23 7.6%
9526 1.3 34.0 17 1.3E-06 1.1E-05 327.24 327.76 421 1.3%
9527 1.3 70.0 17 1.3E-06 1.1E-05 695.20 670.41 47.01 6.8%
9528 1.3 60.0 0.167 1.0E-05 1.0E-04 632.25 627.09 28.12 4.4%
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Shot Gap ChargeV VacTime Vacl Vac 2 lup Idown lloss Iloss
[mm] [kV] [hr] [torr]  [torr]  [KA] [KA] [KA] [%0]
9529 1.3 60.0 0.167 1.0E-05 8.5E-05 635.12 628.23 33.26 5.2%
9530 1.3 60.0 2 29E-06 2.6E-05 631.87 632.60 19.29 3.1%
9531 1.3 60.0 2 29E-06 2.6E-05 643.95 619.65 30.68 4.8%
9532 1.3 60.0 2 29E-06 2.6E-05 670.39 420.99 251.17 37.5%
9533 1.3 60.0 2 29E-06 2.6E-05 642.13 618.34 39.69 6.2%
9534 1.3 60.0 2 29E-06 2.6E-05 636.84 618.84 33.54 5.3%
9535 1.3 34.0 17 1.3E-06 1.1E-05 327.27 328.99 3.38  1.0%
9536 1.3 70.0 17 1.3E-06 1.2E-05 751.48 752.94 4244 5.6%
9537 1.3 60.0 0.167 1.2E-05 8.5E-05 642.47 602.83 4569 7.1%
9538 1.3 60.0 0.167 1.2E-05 8.5E-05 636.05 578.09 65.47 %40.3
9539 1.3 70.0 160 2.0E-06 8.5E-06 722.25 71225 48.66 6.7%
9540 1.3 70.0 160 2.0E-06 8.5E-06 793.80 101.60 696.87 87.8%
9541 1.3 60.0 89 3.0E-06 1.0E-05 639.51 602.33 52.83 8.3%
9542 1.3 60.0 89 3.0E-06 1.2E-05 670.13 520.04 151.41 22.6%
9543 1.3 60.0 2 3.3E-06 1.8E-05 620.30 616.84 32.93 5.3%
9544 1.3 50.0 2 7.7E-06 2.8E-05 517.08 512.81 17.30 3.3%
9545 1.3 50.0 2 7.7E-06 2.8E-05 555.40 286.87 269.20 48.5%
9546 1.3 60.0 25 9.4E-06 2.2E-05 616.96 61590 25.14 4.1%
9547 1.3 60.0 25 9.4E-06 2.2E-05 634.34 588.34 53.62 8.5%
9548 1.3 60.0 0.167 2.0E-05 9.8E-05 613.00 603.95 2852 4.7%
9549 1.3 60.0 0.167 2.0E-05 9.8E-05 622.47 601.16 34.65 5.6%
9550 1.0 60.0 74 9.9E-07 1.3E-05 671.61 356.36 317.69 47.3%
9551 1.0 60.0 74 9.9E-07 1.3E-05 668.85 319.69 349.51 52.3%
9552 1.0 60.0 74 9.9E-07 1.3E-05 669.00 267.94 401.74 60.1%
9553 1.0 60.0 74 9.9E-07 1.3E-05 662.71 281.79 381.90 57.6%
9554 1.0 60.0 74 9.9E-07 1.3E-05 673.24 260.18 413.82 61.5%
9555 1.0 60.0 0.167 2.0E-05 1.0E-04 664.88 404.63 262.42 39.5%
9556 1.0 60.0 0.167 2.0E-05 1.0E-04 666.53 300.63 366.229%4.
9557 1.0 60.0 0.167 2.0E-05 1.0E-04 665.45 396.32 271.268%0.
9558 1.0 60.0 0.167 2.0E-05 1.0E-04 671.61 361.59 312.01 46.5%
9559 1.0 60.0 0.167 2.0E-05 1.0E-04 663.95 318.49 345.9019%2.
9560 1.0 60.0 0.167 2.0E-05 1.0E-04 663.05 315.42 349.2079%62.
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